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(57) Abstract: A method, system, and computer program product for rendering an image to available display area based on param- 
eters of one or more unusable display areas. The method includes determining one or more trapezoids for defining the available 
display area based on the parameters of the one or more unusable display areas. After an image is generated, the method determines 
if the generated image is within the determined one or more trapezoids, and renders the components of the generated image that are 
determined to be located within the one or more trapezoids. 
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TRAPEZOIDAL REDUCTION OF POLYGONS AND INTERRUPTED POLYGONS 
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Background of the Invention 

Typically, an enhanced ground proximity warning system (EGPWS) must rapidly 
15 determine if EGPWS created objects are to be displayed on a display that may have 
overlaid polygons, thereby reducing the available area of the display. The easiest method 
for defining the available area is through the creation of a bitmap (i.e., white is 
inside/black is outside). However, the present method, which uses triangles to define the 
area, can not perform this in real-time while the aircraft is in flight. Therefore, a real-time 
20 drawing method is needed. 

Summary of the Invention 
The present invention comprises a method, system, and computer program 
product for rendering an image to available display area based on parameters of one or 
more unusable display areas. The method includes determining one or more trapezoids 
25 for defining the available display area based on the parameters of the one or more 
unusable display areas. After an image is generated, the method renders the components 
of the generated image that are determined to be located within the one or more 
trapezoids. 

In accordance with further aspects of the invention, determining the one or more 
30 trapezoids includes generating lines that define a boundary around the available display 
area. Once the boundary is defined, the method eliminates all lines being parallel to a 
predefined scan line direction and sets a first flag for each line to the lines maximum 
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coordinate in a first axial direction. The first axial direction is orthogonal to the scan line 
direction. The method then sorts the remaining lines into a list according to a sorting 
scheme. Then, the method generates a trapezoid based on the first two lines in the list and 
the next highest flag value of all the flags, and replaces the flag of the first and second 
5 lines with the next highest flag. If the first flag for the first or second line is equal to the 
minimum coordinate of the respective line on the axis orthogonal to the scan line 
direction, the method eliminates that line. The method repeats until all lines are 
eliminated. 

In accordance with other aspects of the invention, sorting includes setting a 
10 second flag for each line to a coordinate associated with the first flag in a second axial 
direction, the second axial direction being orthogonal to the first axial direction. The 
sorting scheme places lines with the highest first flag value first in the list and if lines 
have the same first flag value, places the line with the lower second flag value first in the 
list. 

15 As will be readily appreciated from the foregoing summary, the invention 

provides a method, system, and computer program product for rendering an image to an 
available display area based on parameters of one or more unusable display areas. 

Brief Description of the Drawings 

The preferred and alternative embodiments of the present invention are described 
20 in detail below with reference to the following drawings. 

FIGURE 1 is a front view of a display showing unusable and available display 

areas; 

FIGURE 2 is a front view of a display showing the available display area from 
FIGURE 1; 

25 FIGURES 3 and 4 are flow diagrams illustrating the process of the present 

invention; and 

FIGURE 5 is an example illustrating a complex display with useable and available 

areas. 

Detailed Description of the Preferred Embodiment 

30 The present invention provides a method, apparatus, and computer program 

product for rapidly defining available display area and displaying content within the 
defined available display area. Typically, a display process sends information to a display 
as long as the information is determined to be within a displayable area of the display. An 
example display is an enhanced ground proximity warning system (EGPWS) display that 

35 is present in many commercial and non-commercial aircraft. Many avionic display 
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manufacturers now produce displays that include masked areas that are used for 
presenting various textual information. As a result, the remaining area is the only 
available area for displaying other information, such as EGPWS, radar, weather, or other 
types of avionic information. Other types of display manufacturers may also produce 
5 restricted area displays that, like the avionic displays, require some processing in order to 
determine if a generated image is to be rendered. 

FIGURE 1 illustrates an example display 20 provided by a manufacturer. The 
display 20 includes information presentation areas (unusable areas) 22-26, which 
produces an available area 28. The manufacturer provides for the presentation of various 

10 information in these areas 22-26. The present invention provides a process for quickly 
and easily defining the available area 28 for effectively rendering other display 
information therein. Display users (e.g., a pilot) sometimes are provided with display 
mode options that allow the user to select which area 22-26 or combination of areas 22-26 
to display. The method of the present invention performs real-time analysis of a newly 

15 selected display mode to define the available area 28. FIGURE 2 further illustrates the 
available area 28 from FIGURE 1. Once the available area 28 is defined, an application 
program renders an image into only the defined area 28. 

FIGURE 3 illustrates a preferred process of the present invention. First, at 
block 50, the present invention receives information regarding the areas of the display 

20 previously designated and not for use by any other application sharing the display. Next, 
at block 52, the process determines a set of trapezoids that define the available area of the 
display. This step is described in more detail below in FIGURE 4 and by example in 
FIGURE 5. Then, at block 54, the application program that is designated to use the 
available area generates an image. Finally, at block 56, the process renders the generated 

25 image onto the display based on the determined set of trapezoids. 

FIGURE 4 shows an embodiment for determining a set of trapezoids, from 
block 52 of the process shown in FIGURE 3, for a display that renders images with 
horizontal scan lines. First, at block 60, with respect to the available area after the pre- 
designated area information is considered, the process defines all lines that define the 

30 boundary of the available area. Then, at block 62, the process discards all horizontal lines. 
Next, at block 64, for the remaining lines, set current Y to the maximum value of Y 
(Ymax) for the respective line and set current X to the X value at Ymax. At block 66, the 
lines are sorted first from Ymax - Ymin (i.e., maximum to minimum of current Ys). If 
there are lines with identical current Ys, then they are sorted from Xmin - Xmax (i.e., 

35 minimum to maximum of current Xs). 
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Next, the process defines the trapezoids that describe the available area, see blocks 
68-72. A first trapezoid is defined by making a horizontal line from the highest sorted 
current Y to the next line (i.e., from the top of the first sorted line to the top of the second 
sorted line). At block 70, the bottom of the first trapezoid is defined by using the Y of 
5 next highest current Y and making a horizontal line from the first line in the sorted list to 
the next intersecting line (may not be the second line in the sorted list). At block 72, the 
edge line segments of the first trapezoid are then found as those portions of the first and 
second line segments that connect the ends of the horizontal top and bottom lines. At 
block 74, the process updates the current Y of the first and second sorted line to the next 

10 highest current Y. Next, at decision block 76, the process checks whether the updated 
current Y is the same as the minimum Y value (Y min) for either the first or second line 
after the list is resorted. If the check at decision block 76 is not satisfied, then the process 
returns to block 66 and continues until all the lines have been eliminated. If the check at 
decision block 76 is true for the first and second line, then the line, where the updated and 

1 5 minimum Y are the same, is eliminated from the sorted list. At block 80, the process 
described above continues until all the lines are eliminated from the sorted list. 

FIGURE 5 illustrates an example display where everything within the M-shaped 
object is available for use by an application. The M-shaped object is composed of points 
A, B, C, D, E, F, G, H, J, K, L, M, and N which form lines AB, BC, CD, DE, EF, FG, 

20 GH, HJ, JK, KL, LM, MN, and NA. The trapezoid defining process proceeds as follows: 

1) The algorithm first discards all lines that are horizontal (or vertical if 
processing in the Y). This eliminates lines AB, DE, and FG. 

2) The remaining lines are reset such that their current Y is set to the lines Max Y 
and the current X is set to the X for the Max Y. 

25 3) The lines are sorted by current Y(max. . .min) and current X(min . . . max) 

CD, EF, NA, BC, JK, GH, LM, KL, MN 

4) Find next highest current Y. 

5) The first pair forms a trapezoid with the base of the object set to the next 
highest current Y. This yields line segments 128 and 130. 

30 6) The defined trapezoid is rendered. 

7) The current Ys of CD and EF are updated to the next highest Y (i.e. the base of 
the trapezoid). If the new current Y is the Min Y for the line, the line is eliminated. 

8) Repeat steps 3-7 until all lines are eliminated. 
The progression is as follows: 

35 Lines CD, EF, NA, BC, JK, GH, LM, KL, MN. Render trapezoid with line 

segments 128 and 130; 
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Lines NA, BC, CD, EF, JK, GH, LM, KL, MN. Render trapezoid with line 
segments 101 and 136; 

Lines CD 5 EF, NA, BC, JK, GH, LM, KL, MN. Render trapezoid with line 
segments 1 27 and 131; 

5 Lines NA, BC, CD, JK, GH, EF, LM, KL, MN. Render trapezoid with line 

segments 102 and 135; 

Lines CD, JK, GH, EF, NA, LM, KL, BC, MN. Render trapezoid with line 
segments 132 and 115; 

Lines GH, EF, NA, LM, KL, BC, CD, JK, MN. Render trapezoid with line 
10 segments 117 and 126; 

Lines NA, LM, KL, BC, CD, JK, GH, EF, MN. Render trapezoid with line 
segments 103 and 108; 

Lines KL, BC, CD, JK, GH, EF, NA, LM, MN. Render trapezoid with line 
segments 109 and 134; 

15 Lines CD, JK, GH, EF, NA, LM, KL, MN. Render trapezoid with line 

segments 133 and 114; 

Lines GH, EF, NA, LM, KL, JK, MN. Render trapezoid with line segments 140 
and 125; 

Lines NA, LM, KL, JK, GH, EF, MN. Render trapezoid with line segments 104 
20 and 107; 

Lines KL, JK, GH, EF, MN, LM. Render trapezoid with line segments 110 and 

113; 

Lines GH, EF, MN, LM, KL, JK. Render trapezoid with line segments 118 and 

124; 

25 Lines MN, LM, KL, JK, GH, EF. Render trapezoid with line segments 105 and 

106 

Lines KL, JK, GH, EF. Render trapezoid with line segments 111 and 112; and 
Lines GH, EF. Render trapezoid with line segments 119, 120, 122 and 123. 
Once all the trapezoids have been defined, a display processor determines if pixels 
30 of an image to be displayed are within one of the trapezoids. The display processor scans 
all of the lines of the rendered trapezoids. The processor then sorts the lines, gathering 
those lines where the target Y value falls between the Ymax value and the Ymin value. 
The processor discards all others. For each pixel defined as (Xtarget, Ytarget), the 
processor compares the Xtarget value to the X value on a given line at Ytarget. The result 
35 is that the X value on that line is either greater than, less than or equal to Xtarget. 
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For each time the X value on the line equals the Xtarget value, the processor 
assigns a zero. Greater values receive a 1 value and lesser values a -1. As the processor 
cumulates a total across each scan line, values of 0 as a cumulative total across the line to 
a given point define the line as being inside of the desired trapezoid. All other values are 
5 outside. Coloring the points accordingly, the processor has accomplished the fill task. 

The examples shown above are for use with a horizontal scanline display system. 
This process can also be used with a vertical scanline display system by changing Y for X 
and X for Y. 

The following is an alternate embodiment for determining if an image element is 

10 within a reduced-size displayable area. First, all active lines or boundary lines are 
scanned. In a horizontal scanline display system, each display element is given a value 
depending upon the number of scanned lines that have been crossed in a scanline 
progression through the display elements of a target Y value. For example, referring to 
FIGURE 2, if display element locations 34 and 38 have the same Y value, then all display 

15 locations along the scanline are given a -1 value until a boundary line is reached. After a 
first boundary line is crossed a 1 value is added to the display locations that follow the 
first boundary line, thereby assigning a 0 value for those locations. At the next boundary 
line encountered, a -1 value is added to the display locations that follow that next 
boundary line, thereby assigning a -1 value for those locations. The alternately adding a 1 

20 and -1 value continues until the end of the scanline. After the above analysis, any image 
elements (smallest components of a generated image) are displayed only if the display 
element location has an assigned 0 value, otherwise the image element is not displayed. 

While the preferred embodiment of the invention has been illustrated and 
described, as noted above, many changes can be made without departing from the spirit 

25 and scope of the invention. Accordingly, the scope of the invention is not limited by the 
disclosure of the preferred embodiment. Instead, the invention should be determined 
entirely by reference to the claims that follow. 
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The embodiments of the invention in which an exclusive property or privilege is 
claimed are defined as follows: 

1 . A method for rendering an image to available display area based on parameters of 
one or more unusable display areas, the method comprising: 
5 determining one or more trapezoids for defining the available display area based 

on the parameters of the one or more unusable display areas; 
generating an image; 

determining location of components of the generated image relative to the 
determined one or more trapezoids; and 
10 rendering the components of the generated image that are determined to be located 

within the one or more trapezoids. 



2. The method of Claim 1, wherein determining comprises: 

a) generating lines that define a boundary around the available display area; 
15 b) eliminating all lines being parallel to a predefined scan line direction; 

c) setting a first flag for each line to the lines maximum coordinate in a first axial 

direction, the first axial direction being orthogonal to the scan line 
direction; 

d) sorting the remaining lines into a list according to a sorting scheme; 

20 e) generating a trapezoid based on the first two lines in the list and the next 

highest flag value of all the flags; 

f) replacing the flag of the first and second lines with the next highest flag; 

g) if the first flag for the first or second line is equal to the minimum coordinate 

of the respective line on the axis orthogonal to the scan line direction, 
25 eliminating that line; and 

h) repeating d-g until all lines are eliminated. 



3. The method of Claim 2, wherein sorting comprises: 

setting a second flag for each line to a coordinate associated with the first flag in a 
30 second axial direction, the second axial direction being orthogonal to the first 

axial direction; 

wherein the sorting scheme places lines with the highest first flag value first in the 
list and if lines have the same first flag value, place the line with the lower 
second flag value first in the list. 

35 4. A computer program product for performing the method of Claim 1 . 
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5. A computer program product for performing the method of Claim 2. 

6. A computer program product for performing the method of Claim 3. 

7. A system for rendering an image to available display area based on parameters of 
one or more unusable display areas, the system comprising: 

5 a means for rendering an image to available display area based on parameters of 

one or more unusable display areas, the computer program product 
comprising: 

a means for determining one or more trapezoids for defining the available display 
area based on the parameters of the one or more unusable display areas; 
10 a means for generating an image; 

a means for determining location of components of the generated image relative to 
the determined one or more trapezoids; and 

a means for rendering the components of the generated image that are determined 
to be located within the one or more trapezoids. 

15 

8. The system of Claim 7, wherein the means for determining comprises: 

a means for generating lines that define a boundary around the available display 
area; 

a means for eliminating all lines being parallel to a predefined scan line direction; 
20 a means for setting a first flag for each line to the lines maximum coordinate in a 

first axial direction, the first axial direction being orthogonal to the scan line 
direction; 

a means for sorting the remaining lines into a list according to a sorting scheme; 
a means for generating a trapezoid based on the first two lines in the list and the 
25 next highest flag value of all the flags; 

a means for replacing the flag of the first and second lines with the next highest 
flag; 

if the first flag for the first or second line is equal to the minimum coordinate of 
the respective line on the axis orthogonal to the scan line direction, a means 
30 for eliminating that line; and 

a means for repeating until all lines are eliminated. 

9. The system of Claim 8, wherein the means for sorting comprises: 
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a means for setting a second flag for each line to a coordinate associated with the 
first flag in a second axial direction, the second axial direction being 
orthogonal to the first axial direction; 

wherein the sorting scheme places lines with the highest first flag value first in the 
5 list and if lines have the same first flag value, place the line with the lower 

second flag value first in the list. 

10. A system for rendering an image to available display area based on parameters of 
one or more unusable display areas, the system comprising: 

a first component configured to render an image to available display area based on 
10 parameters of one or more unusable display areas, the computer program 

product comprising: 

a second component configured to determine one or more trapezoids for defining 
the available display area based on the parameters of the one or more unusable 
display areas; 

15 a third component configured to generate an image; 

a fourth component configured to determine location of components of the 

generated image relative to the determined one or more trapezoids; and 
a fifth component configured to render the components of the generated image 

that are determined to be located within the one or more trapezoids. 

20 

11. The system of Claim 10, wherein the means for determining comprises: 

a generating component configured to generate lines that define a boundary 

around the available display area; 
an eliminating component configured to eliminate all lines being parallel to a 
25 predefined scan line direction; 

a first flag component configured to set a first flag for each line to the lines 
maximum coordinate in a first axial direction, the first axial direction being 
orthogonal to the scan line direction; 
a sorting component configured to sort the remaining lines into a list according to 
30 a sorting scheme; 

an image means component configured to generate a trapezoid based on the first 

two lines in the list and the next highest flag value of all the flags; 
a second flag component configured to replace the flag of the first and second 
lines with the next highest flag; 
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if the first flag for the first or second line is equal to the minimum coordinate of 
the respective line on the axis orthogonal to the scan line direction, an 
eliminating component configured to eliminate that line; and 

a repeating component configured to repeat until all lines are eliminated. 

12. The system of Claim 11, wherein the sorting component comprises: 

a setting component configured to set a second flag for each line to a coordinate 

associated with the first flag in a second axial direction, the second axial 

direction being orthogonal to the first axial direction; 
wherein the sorting scheme places lines with the highest first flag value first in the 

list and if lines have the same first flag value, place the line with the lower 

second flag value first in the list. 
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RECEIVE INFORMATION REGARDING 
WHAT AREAS OF THE DISPLAY CAN 
NOT BE USED FOR DISPLAYING ITEMS 



DETERMINE A SET OF TRAPEZOIDS THAT 
DEFINE AVAILABLE AREA OF THE DISPLAY 
(FIG. 4) 



-52 



GENERA TE IMA GE 




RENDER GENERATED IMAGE INTO 
THE AVAILABLE AREA BASED ON 
THE DETERMINED TRAPEZOIDS 
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DEFINE ALL LINES OF 
BOUNDARY OF A VAIL ABLE AREA 
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DISCARD ALL HORIZONTAL LINES 



SET CURRENT YFOR EACH 
LINE TO THE YmAX AND SET 
CURRENT X TO THE YmAX X 
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SORT THE REMAINING LINES BY 
THEIR CURRENT YAND XFROM 

Y(MAX TO MIN) AND X(MIN TO MAX) 
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DEFINE TOP OF FIRST TRAPEZOID 
BY TAKING HIGHEST CURRENT Y 

IN THE X-AXIS BETWEEN THE 
CURRENT X AND THE NEXT LINE 
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DEFINE BOTTOM OF FIRST 
TRAPEZOID BY TAKING NEXT HIGHEST 
CURRENT YFROM THE FIRST LINE TO 
THE NEXT LINE IN THE SORTED LIST 
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DEFINE EDGE LINE SEGMENTS 
ACCORDING TO THE DEFINED 
TOP AND BOTTOM LINES 
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UPDATE CURRENT Y OF 
PRESENT LINE TO THE NEXT 
HIGHEST CURRENT Y 
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LINE FROM THE SORTED LIST 





REPEAT UNTIL ALL THE LINES IN 
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THE SORTED LIST ARE ELIMINATED 
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